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Development of the UV-spectrophotometric and extraction-
spectrophotometric methods of the atomoxetine quantitative
determination suitable for the chemical and toxicological
analysis

The acute and lethal antidepressant poisonings have the tendency to grow, therefore, development of the methods
for its chemical and toxicological analysis is a topical issue.

Aim. To develop and validate the methods for the quantitative determination of atomoxetine, an antidepressant,
using available and widely spread methods in the chemical and toxicological analysis practice, such as UV spectro-
photometry and extraction-spectrophotometry in the visible region of the spectrum with methyl orange, an acidic azo dye.

Materials and methods. Absorbance values of the solutions in the UV and visible regions of the spectrum were
measured on a SF-46 spectrophotometer (LOMO), the spectral measurement range was from 190 to 1100 nm. The
standard solution of atomoxetine in 0.1 M hydrocloric acid (300 pug/ml) was used for the UV spectrophotometric study,
and the standard solution of atomoxetine in water (150 pg/ml) was used for the extraction spectrophotometry in the
visible region.

Results and discussion. The calibration curve for the UV spectrophotometric method was described by the
equation of y = (0.00455 £ 4 - 10%)x + (0.016 + 0.005); linearity was observed within the atomoxetine concentration
range of 15.0-210 pyg/ml; LOD and LOQ were 1.8 yg/ml and 5.6 pg/ml, respectively. The calibration curve for the ex-
traction spectrophotometric method was described by the equation of y = (0.00808 + 5 - 10%)x; linearity was observed
within the atomoxetine concentrations of 15.0-150.0 ug in a sample; LOD and LOQ were 1.4 ug and 4.3 yg in a sam-
ple, respectively.

Conclusions. The methods developed for the quantitative determination of atomoxetine using the UV-spectrophotometric
method and extraction spectrophotometry in the visible region of the spectrum satisfy the requirements set to the
methods recommended for use in the forensic toxicology, and it has been confirmed by the validation characteristics.
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J1. 0. Tomaposckka, C. B. batopka, C. A. KapnyLwmnHa

Po3po6ka YP-cnekTpohoTOMETPUUYHOIO Ta eKCTPAKLiMHO-CMEeKTPpohOoTOMETPUYHOIO
MeTofiB KiNnbKiCHOro BU3Ha4e€HHA aTOMOKCeTUHY, NpuaaTHUX Ansa Ximiko-
TOKCUKOJOriYHOro aHansnisy

KinbkicTb rocTpux Ta netansHUX OTPYEHb MiKapCbKMMKU npenapataMmy aHTMAEnpecuBHoI Aii Mae TeHAeHLUilo o
3pPOCTaHHS, WO pobuTb akTyanbHUM po3pobKy METOAIB X XiMiKO-TOKCMKOMOMYHOro aHaniay.

MeToro oaHuX JocnimkeHb € po3pobka i Banigauisi METOAMK KiMbKiCHOrO BU3HAYEHHS aHTMaenpecaHTa aToMOKCce-
TUHY 32 JOMOMOrOK AOCTYMHMX Ta LUMPOKO BMPOBAAXEHUX Y MPaKTUKY XiMiKO-TOKCUKOMOr4YHOro aHanisy MeTtofis
Y®-cnekTpodoToMETpIl Ta eKCTpaKLiiHOI cnekTpodoToOMETPIl y BUAMMIA obnacTi cnekTpa 3 KMCNOTHUM a3obapBHU-
KOM METUITOBUM OpPaHXEBMVM.

MaTtepianu Ta meToan. CBiTnoONoOrMnHaHHA po3vnHiB B YO- Ta BUAUMIN obnacTtax cnekrtpa BMMIpiOBanu Ha
cnektpocoTomeTpi CP-46 (TIOMO), cnekTpanbHuii fiana3oH BumiptoBaHb — Big 190 o 1100 HM. BukopurctoByBanm
CTaHOapTHUIN po3vmnH atomokceTuHy B 0,1 M kucnoti xnopuaHin (300 mMxr/mn) ans Y®-cnekTpodhoTOMETPUYHUX AOCTIOKEHD i
CTaHOApTHUI PO34MH aTOMOKCETUHY Y BoAi (150 mkr/mn) onsa gocnigkeHb METOAOM eKCTPaKLUinHOI cnekTpodoToMeTpil
y BUaMMi obnacri.

Pe3ynbTaTth Ta ix o6roBopeHHsA. KanidpysanbHui rpadik Anst YO-cnekTpooTOMETPUYHOIO METOAY ONUCYyBaBCs
piBHsIHHAM: y = (0,00455 + 4 - 10-%)x + (0,016 + 0,005); niHilHIiCTb cnocTepirany B Mexax KOHLEHTPaLii aTOMOKCETUHY
15,0-210 mkr/mn; LOD 1a LOQ ctaHoBwnu, BignosigHo, 1,8 mkr/mn 1a 5,6 mkr/mn. KanibpyBanbHuii rpadpik ans ekc-
TPaKUiNHO-CNEKTPOOTOMETPUYHOIO MeTody onucyBaBcs piBHAHHAM: ¥y = (0,00808 + 5 - 10%)x; niHinHicTb cnocTepi-
ranv B Mexax KoHLeHTpaLin atomokceTuHy 15,0-150,0 mkr B npobi; LOD Ta LOQ cTaHoBWnu, BignosigHo, 1,4 Mkr Ta
4,3 mMkr B Npobi.

BucHoBKW. Po3pobrieHi MeToaykm KinbKiCHOrO BU3HaYEHHsT aTOMOKCETVHY 3 BUKOPUCTaHHAM YP-CNeKTpohoTOMETPUYHOTO
MeToay Ta eKCTpaKuinHOI cneKTpodhoTOMETPII Y BUAMMIN 06nacTi cnekTpa 3a40BOMbHAKTL BUMOram LLOA0 METOAIB,
pekoMeHOO0BaHUX A51s1 BUKOPUCTaHHS B CyAOBiV TOKCUKONOTIT, WO NigTBEPAKEHO BanigauinHUMMN XapakTepucTukamu.

Knroyoei crioea: amomokcemuH; Y®-cnekmpoghomomempis; ekcmpakujiiHa criekmpogomomempis y audumil
obriacmi cnekmpa
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J1. 0. Tomaposckas, C. B. batopka, C. A. KapnywmnHa

PaspaboTtka YP-cneKTpohoTOMETPUYECKOrO N IKCTPAKLMOHHO-
CrnekTpohoTOMETPUYECKOro METOA0B KONMMYECTBEHHOrO onpenerieHUs aTOMOKCETUHa,
NPUrogHbIX ANS XMMUKO-TOKCUKOJSIOrMYECKOro aHanusa

KonunuyecTBo OCTpbIX U NeTanbHbIX OTPaBIIEHUI NEKapCTBEHHbIMY NpenapataMmy aHTUAENPECCMBHOIO AENCTBUS
MMEET TEHAEHLMIO K POCTY, YTO AenaeT akTyarnbHbIM pa3paboTky METOAOB MX XMMUKO-TOKCUMKONOIMYECKOro aHanmsa.

Llenblo gaHHbIX uccrnefoBaHuin sBnsieTca paspaboTka u Banugauusa MeToauK KONMYECTBEHHOTO OnpeaeneHus
aHTMAenpeccaHTa aTOMOKCETMHA C MOMOLLbIO JOCTYMHbIX U LUMPOKO BHEAPEHHbBIX B MPAKTUKY XMMUKO-TOKCUMKONOMU-
YecKoro aHanmsa MeTofoB YP-cnekTpodoTOMETPUMN U IKCTPaKLMOHHOW CNekTpodoTOMETPMU B BUANMON obnacTtu
CMeKTpa € KUCIOTHLIM a30KpacuTenem MeTUoBbIM OPaHXEBbIM.

Martepuanbl n metobl. CBETOMNOMMOLLEHNE PACTBOPOB B Y- 1 BUAMMOI 06nacTsx CnekTpa M3Mepsifiiv Ha CneKkTpo-
dpotomeTpe CD-46 (JIOMO), cnekTpanbHbin ArnanaszoH namepexuin — ot 190 go 1100 HM. Micnonb3oBanu cTaHAapTHEIN
pactBop atomokcetuHa B 0,1 M kucnote xnopugHown (300 mkr/mn) ana YP-cnekTpodoTOMETPUYECKNX UCCre0BaHUiA
1 CTaHOapTHbIM pacTBOp atomokceTnHa B Boge (150 mkr/mn) ans uccnefoBaHnii METOAOM 3KCTPaKLMOHHOW CNEKTPO-
cdoToMeTpmmM B BUAUMON obrnacTu.

PesynksraTthl 1 ux obeyxaeHune. KannbpoBoyHbin rpadmk ans YP-cnekTpopoToMETPUYECKOro MeToga Onuchl-
Barcs ypaBHeHueM: y = (0,00455 + 4 - 10°)x + (0,016 + 0,005); nuHenHoCTb Habnoganu B Nnpeaenax KoHUEeHTpauuia
aTomokceTnHa 15,0-210 mkr/mn; LOD n LOQ coctaBunn, COOTBETCTBEHHO, 1,8 Mkr/mMn u 5,6 Mkr/mn. KannbpoBoYHbIn
rpadvk Anst SKCTPaKLMOHHO-CNEKTPOOTOMETPUYECKOTO METOAA ONMUChIBancst ypaBHeHunem: y = (0,00808 + 5 - 10%)x;
JNIMHEMHOCTb Habnoganu B npeaenax KoHUeHTpauun atomokcetuHa 15,0-150,0 mkr B npobe; LOD n LOQ coctaBunu,
COOTBETCTBEHHO, 1,4 MKr 1 4,3 MKr B npobe.

BbiBoabl. PazpaboTaHHble METOAUKM KONMMYECTBEHHOIrO onpeaeneHns aTOMOKCETMHA C UCNonb3oBaHnem Y®-
CMNeKTPOOTOMETPMUYECKOrO METOAA U SKCTPAKLMOHHON CNEKTPOhOTOMETPUM B BUAMMOW 0bnacTu cnekTpa yaoBneT-
BOPSOT TpeboBaHUSIM K MeETOAAM, PEKOMEHAOBAHHbBIM AIsi UCMOMb30BaHWSA B CyneOHOM TOKCUKOMNOrMK, YTO NOATBEPX-
[OEHO BanvauMOHHBIMU XapakTepUCTUKamu.

Knroyesnie crioga: amomokcemuH; Y®-criekmpoghomomempusi; IKCmMpakKyUOHHas criekmpogomomempusi 8

sudumoti obnacmu crnekmpa

Atomoxetine ((3R)-N-methyl-3-(2-methylphenoxy)-
3-phenylpropan-1-amine hydrochloride) is an antidepres-
sant drug used in the treatment of attention deficit hy-
peractivity syndrome, as well as the therapeutically re-
sistant depression [1]. Repeated episodes of acute and
lethal atomoxetine poisoning were registered [2, 3, 4].
The postmortem atomoxetine concentrations were within
the following limits: arterial blood — 0.1-8.3 mg/l; bile —
1.0-33 mg/l; urine — 0.1 mg/l; liver — 0.44-29 mg/kg [4].

The methods of atomoxetine determination in the
blood plasma using high-performance liquid chromato-
graphy with UV- [5, 6], fluorescence [7], mass spectro-
metry detection [8], or capillary electrophoresis [9] have
been developed. These methods of analysis are highly
sensitive and specific, but require careful sample prepa-
ration and special expensive equipment; as a result, they
are not always available.

Methods of molecular absorption spectroscopy in the
UV and visible region of the spectrum allow determining
the toxic and lethal concentrations of toxicants in the
biological samples and can be recommended for use in
the forensic toxicology [10, 11, 12].

The aim of the study was to develop and validate
the methods for the quantitative determination of atomo-
xetine, an antidepressant, using available and widely spread
methods in the chemical and toxicological analysis prac-
tice, such as UV spectrophotometry and extraction-spectro-
photometry in the visible region of the spectrum with
methyl orange, an acidic azo dye.

Materials and methods

The pure substance of atomoxetine isolated by the
method described in the article [13] from the medicine
“Strattera” (7 capsules, 60 mg) produced by “Lilly”
(Czech Republic) was used for the study.

Absorbance values of the solutions in the UV and
visible regions of the spectrum were measured on a SF-46
spectrophotometer (LOMO), the spectral measurement
range was from 190 to 1100 nm.

Buffer solution pH was monitored by a pH-meter
5123 (Elvro, Wroclaw, Poland).

The following glassware was used: 10.0 ml, 50.0 ml
volumetric flasks, volumetric pipettes, Class A (Simax,
Czech Republic).

All other chemicals were of analytical grade or better.

The method of the calibration curve construction
for the UV spectrophotometric determination. Prepare
the stock solution (SS) and six working standard solu-
tions (WSS) of atomoxetine hydrochloride (m = 6) in
0.1 M hydrochloric acid. For this purpose dissolve 0.01715 g
of atomoxetine hydrochloride (corresponding to 0.01500 g
of the atomoxetine base) in 50.0 ml of 0.1 M hydro-
chloric acid using a 50.0 ml volumetric flask (the con-
centration of the resulting SS is 300 pg/ml of the ato-
moxetine base). Then place 0.50; 1.00; 2.00; 3.0; 4.0;
5.0; 6.0 and 7.0 ml of SS into a 10.0 ml volumetric flask
and dilute to the volume with 0.1 M hydrochloric acid
(the concentrations of the resulting WSS are of 15.0; 30.0;
60.0; 90; 120; 150; 180 and 210 pg/ml of the atomoxe-
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Table 1
The accuracy and precision of the UV spectrophotometric method (intra day)
IntL%d/lrjncled’ Absorbance | Found, ng/ml | Found/introduced, % | Average, % SD RSD, % £ %
0.084 14.95 99.63
15 0.084 14.95 99.63 99.07 0.970 0.98 243
0.083 14.69 97.95
0.430 91.00 101.10
920 0.425 89.89 99.88 100.77 0.783 0.78 1.93
0.431 91.21 101.34
0.827 178.24 99.02
180 0.833 179.56 99.76 99.19 0.511 0.52 1.28
0.825 177.80 98.78

tine base, respectively). Measure the absorbance values
of WSS at a wavelength of 270 nm in a 10 mm light
pathway cuvette. Use 0.1 M hydrochloric acid as a refe-
rence solution. Examine each WSS twice (n = 2).

The method of the calibration curve construction
for the quantitative determination by the extraction
spectrophotometry in the visible region of the spect-
rum. Prepare the stock solution (SS) of atomoxetine hydro-
chloride in water. For this purpose dissolve 0.01715 g of
atomoxetine hydrochloride (corresponding to 0.01500 g
of the atomoxetine base) in 100.0 ml of distilled water
using a 100.0 ml volumetric flask (the concentration of
the resulting SS is 150 pg/ml of the atomoxetine base).
Study six calibrators with a different drug content (m = 6),
examining each three times (n = 3). For this purpose place
5.0 ml of acetate buffer with pH 4.6, 5.0 ml of 0.05 %
methyl orange solution and 0.1; 0.2; 0.3; 0.4; 0.6 and
1.0 ml of SS (the resulting solutions contain 15.0; 30.0;
45.0; 60.0; 90.0 and 15.0 pg of the atomoxetine base in
a sample, respectively). Add in all cases, except the last
one, the appropriate volumes of distilled water (from
0.90 to 0.40 ml) with the constant volume of the aqueous
phase. Add 15.0 ml of chloroform to the mixtures ob-
tained. Shake the mixtures using the separating funnels
for 10 min with the help of a mechanical shaker and
left for 10 min for separating the layers. Collect 14 ml of
the resulting chloroform layers discarding the first por-
tions (about 1 ml), then add to the chloroform layers
2 ml of 1 % sulphuric acid solution in absolute ethanol.

Mix the solutions obtained thoroughly and measure the
absorbance values at A, = 540 nm in a 10 mm light
pathway cuvette. Use the blank solution as a reference.

Results and discussion

The absorbance values in the UV region of the spect-
rum for eight SSR of atomoxetine (m = 8; n = 2) were
processed by the linear regression model described in the
general form as y = bx + a. The significance of the reg-
ression coefficient @ in the regression model was che-
cked using the F-test [14], and the conclusion was drawn
that it was impossible to have the equation in the form of
y = b’x. Thus, the calibration curve was described by the
equation of y = (0.00455 £ 4 - 10°)x + (0.016 £ 0.005)
(r=0.999;S7=3 105, 5,=2.49 - 103, S,=4 - 109).
Atomoxetine showed linearity in the range of 15.0-210 pg/ml.
The LOD and LOQ values were calculated using stan-
dard deviation of intercept (S,) in accordance with the rele-
vant equations: LOD=3.3 - §?/b and LOQ = 10 - S /b
[15, 16]. They were 1.8 pg/ml and 5.5 pg/ml, respectively.

The accuracy and precision of the method were de-
termined at three concentration levels within one day
(intra day) (Tab. 1) and over three consecutive days (in-
ter day). The number of replicates per a concentration
level and day was three.

The “inter day” accuracy and precision were 99.23 %
(RSD = 0.83 %) at the low concentration level of the
analyte, 100.88 % (RSD = 0.41 %) at the middle con-
centration level, 99.28 % (RSD = 0.21 %) at the high
concentration level.

Table 2
The accuracy and precision of the extraction spectrophotometric method (intra day)
Introduced, ug| Absorbance Found, ug | Found/introduced, % | Average, % SD RSD, % £ %
0.120 14.85 99.01
15 0.125 15.47 103.13 101.21 2.074 2.05 5.09
0.123 15.22 101.49
0.485 60.02 100.04
60 0.480 59.41 99.00 100.43 1.450 1.44 3.59
0.494 61.14 101.90
1.223 15.36 100.91
150 1.188 14.03 98.02 99.59 1.460 1.47 3.63
1.210 149.75 99.83
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The absorbance values in the visible region of the
spectrum for six calibration standards of atomoxetine
(m = 6; n = 3) were processed by the linear regression
model. The significance of the regression coefficient @ in
the regression model was checked using the F-test [14],
and the conclusion was drawn that it was possible to
have the equation in the form of y = b’x. Thus, the
calibration curve was described by the equation of
¥ =1(0.00808 =5 - 10%)x (r =0.999; S> =7 - 107
S,=3.5-10%S§,=5 - 10%). Atomoxetine showed linea-
rity in the range of 15.0-150.0 ug in a sample. The LOD
and LOQ values were calculated using standard devia-
tion of intercept and the slope of the calibration curve
[15, 16]. They were 1.4 ug and 4.3 pg in a sample, res-
pectively (Tab. 2).

The “inter day” accuracy and precision were 101.39 %
(RSD = 2.18 %) at the low concentration level of the
analyte, 100.08 % (RSD = 0.81 %) at the middle con-
centration level, 99.84 % (RSD = 1.05 %) at the high
concentration level.

CONCLUSIONS

The methods developed for the quantitative determi-
nation of atomoxetine using the UV-spectrophotometric
method and extraction spectrophotometry in the visible
region of the spectrum satisfy the requirements set to
the methods recommended for use in the forensic toxi-
cology [12, 16], and it has been confirmed by the vali-
dation characteristics.
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